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LIST OF EQUIPMENT REQUIRED FOR PRACTICAL WORK 


Oscilloscope 

DC power supply 

AF signal generator 

AVO 

Breadboard plus leads etc. 


Resistors Capacitors Inductors 
1k 10nF 100mH 
4.7k 100nF 
10k 1000uF 


47k 


1.1 


1.2 


DC _TRANSTENTS 


INTRODUCTION 


This package is concerned with the effect of changing the applied 
voltage or the current flowing through series CR or LR circuits 


in a non sinusoidal manner, 
In particular the response of such circuits to repetitive voltage 
and current pulse waveforms is considered in detail as these circuits 


are often found in broadcasting equipment. 


For instance, CR circuits are used for differentiating or integrating 
voltage waveforms. This technique is especially important in the 
processing of TV synchronising signals.. 


The scanning coils of an electromagnetic CRT can be represented by a 
series LR circuit. It is therefore important to appreciate the 
relationship between the applied voltage and the resulting current 
waveform in this type of circuit if the operation of timebase 
circuits found in television cameras and monitors are to be fully 
understood. 


You will be expected to have covered the basics of capacitance and 
inductance on previous courses. The first two chapters of this 
package should not, therefore, be new to you, but as you may well not 
have thought about these subjects for some considerable time, these 
chapters are intended as revision. If you find the material 
unfamiliar, then the A course programmed texts on Capacitance and 


Inductance are available from your tutor. 
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26 CAPACITANCE REVISION 


2.1 Capacitance in a DC circuit 


If an emf is applied to a circuit containing an uncharged capacitor a 
current will flow charging the capacitor, This is illustrated in 
figure 1. 


Charge (Q) 


Figure 1 - Charge on a Capacitor 
The charge stored on the capacitor after time (t) will be equal to the 


product of the average current and time, 
Charge (Q) = I x + 


As the capacitor charges the voltage across it rises. The voltage is 
given by : 


When this voltage equals the applied voltage the capacitor is fully 
charged and the current will have fallen to zero, 


2.2 It should be noted that in a practical circuit there cannot be an 
instantaneous change in voltage,or a voltage step,across a capacitor. 
Sufficient time must elapse to allow the capacitor to charge or discharge 
before the voltage can change. 


2.3 Constant Current Charging 


The voltage across a capacitor is given by : 


Voeos a where Q = I x t 
Hence, Vos tat 


If the capacitor is charged with a constant current (I) then it follows 
that the voltage across the capacitor will rise linearly with time, 


V being directly proportional to t. 
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The rate of change of voltage with respect to time is given by ¢ 
av Vv Ix t a. 

Now, at t = C x t 

Hence, Volts/sec 


2.4 Capacitors in Parallel 


‘= 
_ 


Fi e 2 — Capacitors in Parallel 


Consider Figure 2 a circuit comprising a number of capacitors in 
parallel. The total current drawn from the supply will be the sum 
of the individual charging currents drawn by each capacitor. ‘The 
total charge stored must therefore be equal to the sum of the charges 


stored on each of the capacitors. 


QnOTAT, = a + a5 + eooe + Qo 


Where a = CV ; a5 CoV etc. 


Hence QnOTAL C,V + CoV + ~Seee + CAV 
Now, total effective capacitance is given by: 


C 


TOTAL is QnOPAT, C.V + COnV + weoe + CY 


al 2 


Vv Vv 


2.5 Capacitors in Series 


—~t#— ¥, —— >< ~V~, 


muy 


Fi e - Capacitors in series 


Figure 3 shows a number of capacitors connected in series. The same 
current flows through each capacitor hence the total effective charge 
stored by the combination is equal to the charge on any one capacitor. 


QroraL = oa = % ete. 


The applied voltage will equal the sum of the potentials dropped across 


each of the capacitors. 


V = V + Vv + eoee + V 


1 2 n 
Where V = g V = Qu etc 
1 C. 2 C...: 
1 2 
Hence V = + + eece + 
C C C 
1 2 n 


Now the effective capacitance of the combination 


. & - & 
Cn = 7 hence Ve C 
a 
Or a = a + a. + eoo50 + a 
T 1 2 n 


For two capacitors in series this simplifies to 


2.6 


Examples 


(i) 


Vin = 5OV 


Calculate the voltage 


capacitors, Thus, both 
Q 
a: 
But (¥, + Vp) 
4 
Thus Cy (VY, - V) 
By Me SV 9 
giving V, (c, + C,) 
Hence Vo 
Thus Vy 
v 


across the 3 uF 


(V,). 


We know that the same charging current must flow through both 


a v= 50 gt? 


capacitors must store the same charge. 


0 


u 


i) 


20 Volts 


50 Volts) 


a: oe 


(ii) If the current through a lyF capacitor varies as shown below, 


sketch a graph of the voltage across the capacitor versus time. 


Current 
(pa) 
-1 
Using 
For O<t<l I = + 2pA 
-6 
Hence a = gz it 
1 x 10 
= + 2 Volts/sec 
For 1<t< 3 I = - lpa 
av -6 
And at = ~ Lx 10 =-1 Voit/sec 
1x 10 
If V = 0O when t+ = Q- ve can sketch the graph 


of V versus t below: 


0 1 2 3 +t( ps ) 


2.7 Hxrercise 


1. 


J0 


AV 
at 


A sawtooth waveform is generated by charging a capacitor with a 
constant current of 10mA for 50ps and then discharging it quickly. 
Determine a suitable value for the capacitor if the waveform is 
to have an amplitude of 50V. 


A potential divider comprises two capacitors in series across a 
10V d.c. supply. If the p.d. across the 2uF capacitor is 2V 


determine the value of the other capacitor. 


A 1yF capacitor is charged to 100V and is’ then connected across 
a circuit comprising a 2uF capacitor and a 3LF capacitor in 


series. Determine the p.d. across each of the 3 capacitors, 


BK ay 5. tOneo 3 _ ! ox? SO.nS 


ap = a x 


2e3 
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36 INDUCTANCE — REVISION 


3.1 Inductance in a DC circuit 


Whereas a capacitor in a circuit tends to keep the voltage constant, 


inductance tends to maintain a constant current through the circuit. 


I Polarity of Back emf 
+ - 
Back enf 4. | I 
Vv L lat increasing decreasing 
E = — 
at | 
Fi e - Inductance and back emf 


Consider the circuit of figure 4. If the current through the 
inductor changes then a back emf will be induced in it. The polarity 
of this emf will be in such a direction that it always opposes the 
applied voltage, the voltage causing the current to change. 


From Faraday's Law of electromagnetic induction the back emf is 


given by: 


19. 


3.2 Note that if the current remains constant no voltage will be developed 
across the inductor. If the current increases at a constant rate the 
back emf will have a constant value. As the back emf is constant and 
opposes the applied emf, it follows that applying a constant de voltage 


across a pure inductance will cause the current through it to rise at 
a constant rate. 


I 
+ 
| : t The back emf opposes 
Applied L E the applied voltage: 
Voltage E = Lal 
(v) ~ | dt 
-~ Hence, dl _ E V¥ 
dt LL. 
Current aI v . 
(I) at OL Amps /sec 
time (+) 
Figure 5 — Applying a constant de volt across a pure inductance 


3.3 Note that a practical inductor or coil has both inductance and 
resistance, whereas the above considers the component to be a pure 
inductance. 


3.4 Inductance in Series 


Sete 


3.5 Inductors in Parallel 


n 
it a: 1 1 
Total Inductance Cp) = te ss Ly a neteei8) h L 


3.6 Examples 
(i) The current through a pure inductance of value 0.5 H starts 
from zero and rises linearly for 10 secs reaching a final 
value of 1 Amp. Sketch a graph of the voltage across the 


inductor against time. 
I 


Now, ae = = Amups/sec 
at 
i.e. G5 = 0.1 A/sec 
Using 5E = = 
Then, E = 0.5 x  O.L 
E = 50_ mV 
E 
(mV) 
0 


a 


(ii) Sketch ‘g current waveform which would produce the following | 


self induced emf in an inductor of 2 H. 
3 
| | 
L=2H 
ov 
1 


" ss! 
-1V 
dI 
Using BE = L at 
gi _: gi _2 gi _-l gr _2 di -l 
en Ge ak oe ab 2 at 2 at 2 
= +1A/s = -0.5 A/s =+l4/s = -0.5 A/s 


If I = Oat vt = O then the current waveform required will 
bes 
2 
I 
(Ams) 1 
8) 


1 2 3 4 5 6 7 8 9 


t(secs ) 


SG we 


3.7 Exercises 
Two coils of negligible resistance have an inductance of 50mH and 
100mH respectively. If the coils are connected, 
a) in series 
b) in parallel 
across a 100V d.c. supply how long will it take for the supply 
current to reach 1A. 


a = Gn e (ecobt 


Seiad = 1FOusH 


. , te = = 100 
ne 
aE 
at ~ ce 
seers Ee loc 
at 440 150ml. } 
At = [-5 mS 


= $33 
i > lee 
ae 33°3. | 


4.1 
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ANSWERS 
ae 1.5 ms 
Dd. 0.33 ms 


SERIES CR AND SERIES LR CIRCUITS 


In the. following chapters we are going to consider in detail the 
voltage and current waveforms associated with applying: 

a) A single current step to a series CR circuit. 

b) A triangular current waveform to a series IR circuit. 

c) Repetitive, rectangular voltage waveforms to both series CR 


circuits and series LR circuits. 


A_ current step applied to a series CR circuit 


VR 
constant 
current 
generator 

Vo 


Figure 6 - Series CR circuit 


When the switch is closed a constant current is passed through the 


resistor and the capacitor. 
In paragraph 2.3 we considered the effect of charging a capacitor 
with a constant current. Sketch, on the next page, how you would 


expect 
a) The voltage (v.) across the capacitor to vary with time. 
b) The voltage (V,) across the resistor to vary with time. 


Assume that the capacitor is initially discharged. 


ot = 
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ANSWER 


Figure 7 - Vo and 


c) What determines the slope of the V, graph? 


Cupreak. 


4) What determines the magnitude of V,? : 


ct 


aoc 


4.2 Exercise 


a. A circuit comprises a 2k resistor in series with a 1pF 
capacitor. Sketch graphs of Vg and. VR versus time if a 
constant current of 10. mA flows through the circuit for 4 
period of 5 ms. 

De 


Sketch the supply voltage waveform required to enable this 
current to flow. 


te ——_||-——= 
Ip 
= Oud. De 
fomff 


= 2Ovolks 


Ve = Tr 


, 


Ve 


Fm 
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ANSWERS TO PARAGRAPH 4.1 


dvi I 
aa Se volts/second 


ANSWERS TO PARAGRAPH 4.2 


Volts 


70V 


Veupp ly 


20V 


eo We a= 


be A TRIANGULAR CURRENT WAVEFORM APPLIED 
TO A SERIES LR CIRCUIT 


“2 
triangular 
current 
waveform 
generator 
Vy 


Figure 8 - Series LR circuit 


The circuit in figure 8 could represent the line scan coils of a 
television monitor. For the timebase to function correctly the 
current through the coils is required to rise linearly and fall 


to zero quickly. An example of this is shown in figure 9. 


fe) 52us 64us t 


Fi e —- Line timebase current waveform 


- 22 — 


5.1 What determines the magnitude and shape of 
a) The voltage waveform across R? 


Cente ae 


b) The voltage waveform across L? 


If you are not sure then check paragraph 3.1 where the fundamentals 
of this were considered. 

5.2 Sketch below the shape of Vy and VR if the current waveform is as 
shown in figure 9. 


) 52us 64us 


OSS 


5.3 Determine values for the maximum and minimum voltages of Vy, and 


if the scan coils represented by the circuit of figure 8 have a 
resiatance of 752 and an inductance of 10mH. 


Vp 


4 
Hac VL = Lae Maeve = 2 ar 
= (On, ee ines os la 
alt ~ as 
- 19Z volls 8 33 v.lb 
View = 1. 757 
= 75 wll 
Vatie = 0.75 


5.4 Sketch the voltage waveform required to drive the current waveform 
of figure 9 through the coils. Determine the magnitude of the 
waveform. 


6 (7 


1A2 


AD 


=A 
ANSWERS TO PARAGRAPH 5.1 


(a) Vp = Ix R 


Va is directly proportional to I. 


Laz 
(b) Ve = a 


Vr, is constant while is constant. 


Vi, will be positive while the current is rising and negative 
while the current is falling. 


ANSWERS TO PARAGRAPHS 5.3 and 5. 


(a) Vp = IR hence V, maximum when I maximum 
Vp (max) = 1x 75 = 75V 
at 
(bo) Vy, = lat 


during period 0 to 52us 


1 
— oe = + 192V 


during period 52 ys to 64 ps 


Vy, = 10 x 107? x 


-3 
y. = =x 10? _ _gs3y 


12 x 10. 


L 


=25 = 
5.5 Exercise 
ae Tt is required to drive the following current through a coil 
of 100mH and 102. 
05a 
0 


20ms 25ms 
What voltage waveform must be applied to the circuit? 


V= i Jt Ue (A 
V _ nf Y. 


= fj 
29S 


it? 


= § voll 


- 26 - 


ANSWER TO PARAGRAPH 5.5 
100 mH 102 


0.58 
I 
t 
20mS 25mS 
| 
+2.5V 
ar 
Vi = lt 
V,.=sIxR 


6.1 


aes ee 


A VOLTAGE STEP APPLIED TO A SERIES CR CIRCUIT 
I 
VR 
+ 
B Guam” : 
C 
Vo 


Fi e .-Series CR circuit 


Consider the circuit of Figure 9a, what will happen to the current 
in the circuit and the charge on the capacitor when the switch is 
closed? 
As current starts to flow the capacitor will begin to charge-up. 
The current through the circuit will be 

V 


R 
I = R where VR = &#§ Vo 
Vv 
therefore I = za 


This means that as the capacitor charges up, and Vo rises, the 
current flowing in the capacitor (I) will reduce. 


In paragraph 2.3 we found that the current charging a capacitor 
determines the rate of change of voltage across it 


ls = - volts/sec 
From this it follows that initially, the capacitor charges quickly 
because 
all ae a where V, = 0 
avy, E 
hence at" volts/second o 


but as the capacitor charges V, rises and =~ will fall. 


6.2 


Op: 3 


R 
af 
0 


| 1000uF 


Figure 10 - Series CR Circuit 


Consider the circuit shown in figure 10, in which a 20V step is 
applied to a series CR circuit. 

At the instant the step is applied the voltage across the capacitor 
cannot change, hence the p.d. across the resistor will rise to +20V. 


The current will be 


v 
R 20 
l-F = io = 2A 


“If we say this current flows for say, 5 seconds, the change in the 


charge on the capacitor will be 
AQ = Ixt 


and the change in voltage on the capacitor will be 


3 
a AQ z Ixt 2 2x10" x5 = 107 
c C C 10° 


Now if the voltage on the capacitor has risen to 10V whilst the input 
remains at +20Vit follows that the pd across the resistor must have 
fallen to . 

20V - 10V = 10V 
This means that the capacitor charging current will have fallen to 


R 10 


R = loc; = iz 


BOs 


Once again if we say that this current flows for a further five 
seconds the voltage on the capacitor will rise by 


= 
ee So came CR a a 
c Cc 1072 


Therefore after a total of 10 seconds the voltage on the capacitor 
will have risen to 


10V + 5V = 15V 


6.3 Using the same technique determine the voltage on the capacitor 
after a total time of 15 seconds and 20 seconds. 


AY SPO ame > Se Be Ree tT Zo -ty az $ 
' ee 
x L lote 
= = dt 
= a ee on. 5 
OVE a g.. hea \o7> 


_ ic @ 
‘Le= jole 
= "25,45 
POM - tea, <edes 
Cc. 
= the 
(o> 
= (-257 


Va =(Ag ep es 


i350 = 


6.4 Now plot a graph of Vo against time from 0 to 20 seconds drawing a 


smooth curve between the points. 


20 
15 
y 10 
C 
(volts ) 
2 
0 
0 10 20 30 40 


6.5 


Figure 11 - Graph of V, against time 


You should be able to see from the curve that its slope reduces with 


increase in time and is exponential in shape. 


Be 
be 


Cc. 


d. 


Construct the circuit of figure 10 on a breadboard, 

Ensure the capacitor is initially discharged. 

With the power unit not connected to the circuit set its output 
to +20V. 

Connect the power unit to the circuit and measure, using an AVO, 
the voltage across the capacitor after an interval of 10, 20, 30, 
40 and 50 seconds. Record your readings in the table over, 


i 
i 


SF (seconds) 


Use the above table to plot a second graph on the axes given 
in figure il, 

What explanation can you give for the difference between the 
two graphs. 


6.6 


6.7 


a, 
The discrepancies must be due to the fact that the first method was 
an approximation, It assumed that the charging current remained 
constant during each time period, whereas in reality it would be 
varying continuously. 
A more accurate method of determining the shape of the curve is to 


use one involving calculus, 


Figure 12 - Series CR Circuit. 


Consider figure 12, 
We know that the supply voltage 


E = Vp + Vo where VR = IR 


therefore B = IR + Vo 


av I 
from page 5 —S a = 
now at G 
avy, 
or TI = ra 


therefore the above equation can be rewritten as 


avy, 


E = CRa>- + Vo 


This is known as a differential equation and can be solved for Voe 


Oo at t = 0 then 


It 


If we assume Vo 


at = 10 


7 ar 
- 20 (( — -e_ 


after a time t seconds xe 
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6.8 Use this equation to calculate the voltage across the capacitor 
in figure 10, when 10, 20, 30, 40 and 50 seconds have elapsed 
after the application of the voltage step. Insert your answers 
in the table below, 


6.9 How do these values compare with the values you measured in 


paragraph 6,5? 


More eT rae | 


6.10 We now have an expression for V Let us now consider the voltage 


Cc° 
across the resistor. 


Now, Vv. 


R ~ Cc 
“i se 
where Vo = EB (1 - exp CR) = E-~Eexp CR 


-t 
hence Va E-~(E-Eexp CR ) 


il 


. after a time t seconds sé 


a She 


6.11 Use the equation given above to calculate the voltage across the 
resistor in figure 10 after 10, 20, 40, 40 and 50 seconds have 
elapsed after application of the voltage step. Insert the values 
calculated directly on figure 13 and hence obtain a graph of VR 


against time. 
Ye 


a 
aR. 


t (secs) 


Figure 13 - Plot of VR against time 


6.12 Graphs can also be drawn for the discharge of a capacitor through a 


resistor, 


Figure 14 - Discharge of a Capacitor 


= BGs 
In this case, the voltage across the capacitor starts at V and 
falls exponentially to zero. A plot of Vo against time will have 
the same shape as figure 13 and hence the voltage on the capacitor 
will be given by: 


dua yk 


where V is the initial voltage on the capacitor 


Te 


Tel 
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THE TIME CONSTANT OF A CR CIRCUIT 


The time constant of a series CR circuit can be calculated from 


Time constant = Cx R seconds 


If we consider the equation for the charge of a capacitor 


= 
Vo = E (1 - exp( CR)) 


or the discharge of a capacitor 


t 
Vo = V exp (-ce) 
we see that the shape of the curve is defined in each case by the 


circuit time constant C times R. The greater the product of C and 


R the longer it will take for a capacitor to charge or discharge. 
In practical terms the time constant can have two interpretations. 


a) It is the time taken for the capacitor to charge by 63% of the 
difference between the initial voltage on the capacitor and the 
applied voltage Vos 
i.e. If we insert t = CR into the above equations for the voltage 
on a capacitor we will see it will charge (or discharge) by 63% 
of the applied voltage in CR seconds, 

By how much will it charge (or discharge) in the next CR seconds? 


Well, if it has charged (or discharged) by 63% in the first CR seconds in 
the next CR seconds it will charge (or discharge) by 63% of the 
remaining 37% This means that in two time constants the 

capacitor will charge (or discharge) by 86% of the applied 

voltage, etc. | 


Cc 
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b) In p.ucagraph 6.1 we found that the initial rate of increase 


in the voltage on the capacitor is given by 
av 


C E 
a > volts/second 


We also noted that this rate of increase falls as the 
Cayacitor charges—up. But if this initial rate of increase in 
. Vo were maintained then the time taken for the capacitor to 


charge fully would be equal to 


Applied Voltage ea a? Gente 
rate of change of voltage o§.E — 
CR 


which gives rise to our second definition: 
The time constant can be defined as "the time taken for the 
voltage on the capacitor to reach its final value had the initial 


rate of charge been maintained", 


0.p9E 

0.95E : 

% } | 

ce] ; ! 

i | 

a / 0.658 , 

ff / | , 

! | 

a | : 

a ; | 

oh | ‘ 

A , | 

initial | i 

slope = | 

B 

ce /S 

) ) ou 2 3 4 5 


Time in units of (C x R) seconds 


Fi e 15 -— Char of a Capacitor 


- 38 - 
7.2 Time Taken to Charge or Discharge a Capacitor 


In a time equal to CR seconds a capacitor will charge or discharge 
py 63%, 


Inserting times equal to 3CR and 5CR into the formulas in paragraph 
7 will show that a capacitor will charge or discharge by approximately 
95% and 99.5% respectively in these times. 


A capacitor can be taken to be fully charged (or fully discharged) 


in 5 CR seconds 


7.3 Exercise 


1OV 


Ql After the switch has been at position A for some time it ip: 
moved to position B, 
Determine: 


a) The value of Va» Vp and I the instant the switch contact 


is made. 
b) The time taken for Vq to reach 6.3V and 9.5V. 
c) The time taken for Vo to reach 5V. 


d) The value of V,, after one time constant. 


e) The time taken for the current to fall to zero, 


Q2 When Vo reaches 10V the switch is moved to position A. 
Determine : 
a) The value of V), Vp, and I the instant the switch makes 
contact. 


b) The time taken for the capacitor to discharge. 


ee 
ec) The value of V, after one time constant and after 3 time 


constants. 


ad) The time taken for C to discharge to 2.5V. 


Co) ¥, =o Ce ae Pgeh 
¥z2 = 100 


) — 
C pro Ch T poe Fs SV pan (ee 
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ANSWERS 
Lede: Vo = 0. Vel = 10V I = 2mA 
Dd. 5ms and 15ms 
Ce 4.4 7ms 
d. 5.7 
e. 25ms 
2s Va = 10V Vai = $5>V T =-—lmA 
De. 50ms 


C. 3.7V and 0.5V 
de. «=: 13.9ms 


ye 
8. CR CIRCUITS AND REPETITIVE RECTANGULAR VOLTAGE WAVEFORMS 


The effect of a series CR circuit on a rectangular waveform depends 

ont 

a. The relationship between the time constant of the circuit and 
the pulse duration of the applied waveform. 


b. Whether the output is taken across the capacitor or resistor. 


8.1 Short CR circuits 


C 
‘wail 
R CR is equal to, 
E Output or less than, 
1/10 of the 
pulse duration, 
Figure 16 - Short CR 
‘enw A 'short CR' circuit is one in which the capacitor is able to 


charge or discharge well within the positive and negative going 


pulse durations of the input waveform. 


A short CR is where 


CR | 1/10 pulse duration (+) of the input waveform. Ke 


= Ao — 


10V 


10V 


+10V 


~10V 


Fi e 17 - Waveforms associated with a short CR circuit 


Consider the waveforms in figure 17. If we let 
ee 
we 10 
The capacitor can be taken to completely charge or discharge in a 


time equal to 5CR seconds 


‘  5xt _ £ 
i.e. 5CR = 10 7 3D 


This fact enables us to deduce the waveform for Vo as shown in 
figure 17. 


The waveform across Ve will be equal to 


Vp Sete 


8.2 


8.3 


8.4 


8.5 
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Subtract the waveform Vo in figure 17 from E and sketch in the 


waveform for Vas 


Practical 


A CR circuit is required that will act as a short CR to a l1kHz 
10V squarewave. If the capacitor has a value of 10nF, determine 


a suitable value for the resistor. 


Build this circuit on a breadboard. Obtain the input waveform 
from a signal generator. Display the input and the Vp waveform 
on an oscilloscope and check that you have drawn the waveform for 


Vp in figure 17 correctly. 


Measure the peak to peak amplitude across Va° It should be +10V. 
If your waveform is not this amplitudeit may be due to the internal 
resistance of the waveform generator. Why should this affect the 


amplitude of the waveform across the resistor? 


- 44 - 


Well, the waveform 'Vp' will appear across the total resistance in 
series with the capacitor of which the generator internal resistance 
will be part. The output waveform will therefore tend to be slightly 
smaller in amplitude than 20V p—p depending on the value of this 


internal resistance of the signal generator. 


een: (eee eee 
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DIFFERENTIATION 

You will remember from the maths package that differentiating a 
rectangular waveform should produce a series of positive and 
negative spikes. This is shown in figure 18. 

rectangul 

waveform 

av 

dt 

output 

across V. 

. R 

ina 

short CR 


Figure 18 — Differentiation 


AGS 


av 
dt* 


shorter the CR the better this approximation becomes. Hence a short 


The output waveform across Vp in a short CR approximates to The 


CR with the output taken across R is often referred to as 


A Differentiating Circuit 


C) 


= AT = 


9.10 Exercise 10nF 


3kHz R 


a. Determine a suitable value for Rif the CR is to differentiate 


the input waveforn. 


b. Sketch the output waveform from the above circuit. Assume 


News? 
the diode to have infinite resistance when cut-off and 
negligible resistance when conducting. 
ce. What practical use could be made of a circuit such as the one 
shown above. 
[N= 2 ; F =? 
PU tag) “$+lQUO 
t e 
CR 3° 3K 
, a : 
oa 
f _ 5 
eau” oo . { 74 (c. 
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Answers 


a. Less than 1.6kQ 
be. A series of narrow positive going pulses. 


c. To generate a series of trigger pulses. 


10. 


10.1 
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LONG CR CIRCUITS 


CR is equal to, or 
greater than, 10 times 
the pulse duration. 


Fi e 19 -— Lo CR Coupli Circuit 


In a ‘long CR' circuit, the time constant of the circuit is very 
long compared to the pulse duration of the applied waveform, The 
capacitor charges and discharges by only a small fraction of the 
applied voltage during each input pulse. 

In a long CR 


CR D 10 times the pulse duration (+) 


The circuit action in a long CR can be split into two periods. The 
period immediately following the application of the waveform, a time 
during which the capacitor generally charges up more than it 
discharges on each half of the input waveform. After a few 
seconds the steady-state conditions are reached. The capacitor 
then charges as much on positive going input pulses (of the input 
waveform) as it discharges on the negative going pulses. 
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10.2 Initial Conditions 


+10V 
E 
<«— t —> 
0) 
ty ty th ty ty ts 
+10V 
VR 


Figure 20 - Long CR initial conditions 


Consider the initial conditions in the circuit of figure 19. The 
rate of increase in the voltage on the capacitor when each pulse is 
applied can be calculated from (From paragraph 6.1) 


avi, E - Vo 


at CR 


Because the circuit is a long CR, the capacitor will charge for a 


period of time t, where t > & 
hence the voltage on the capacitor will rise by 


dvi, — E Vo CR : EB “Vo 
at ~ = “Cn 7: 10. > LO 


10.3 


i.e. 


S51 


1/10 of the difference in potential between the voltage 


on the capacitor and the applied voltage. 


Hence : 


a) 


b) 


¢) 


during the period to +, Vo is approximately zero henoe as 


E = 10V V, will rise by 1/10 of 10V, i.e. one volt. 
Vp will equal E - Var and hence must fall by one volt, see 
figure 20. 


between t+, and t, V, falls to zero hence V, will rise 1/10 
of (OV - 1V) i.e. fall 1/10V, falling to 0.9V. 


at time t, E again rises to 10V but with V,, at 0.9V Vo will 


rise 1/10 of (10V - 0.9V) hence at t3 V, will have risen to 


1.81V and Vp will have fallen by 1.81V to 8.19V. 


This process will repeat each pulse, the figures are given on 


figure 21. The following points should be noted. 


a) 


b) 


The mean voltage on the capacitor is t.sing toward the mean 


level of the input waveform. 


On positive going pulses the increase in Va is slightly 
smaller pulse by pulse, whilst each decrease in Vor on 
negative going pulses, progressively increases. A balance 
in Vo will occur when the increase on positive going pulses 


equals the decrease during negative going pulses. 
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steady State Conditions 


10V 
E 
0 
to ty to tz 4 ts 
V 
a 
+5V 
Vp 5 
~5V 


Figure 21 — Long CR - Steady State Conditions 


In figure 21 we see the situation once the steady state conditions 


have been reached. 


At to Vg =4674V hence when the input rises to +10V the capacitor 


charges during the pulse by 
1/10 of (10 - 4.74) = 0.526V 
hence at t, Vo = 4.741 + 0.526V = 5.26V 
When the input falls to OV the capacitor will discharge by: 


1/10 of 5.26V = 0.526V 


hence at t Va = 5.26V - 0.526V = 4.74V 


i.e. the charge and discharge over one cycle of the input waveform 


are equal. 
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10.5 The following points should be emphasised: 


a) 


d) 


c) 


The mean level of the voltage waveform across the resistor 
is zero. 
i.e. The DC level of the input waveform has been removed, 


(It appears across C). 


The shape of waveform across the resistor approximates to that 
at the input but without its DC level. The longer the CR the 
less of an approximation this will be. 

The property of this circuit to block d.c. whilst passing 

the a.c. waveform undistorted has led to its extensive use as 


a coupling circuit in multistage amplifiers. 


The term used to describe the fall in the voltage at the 
output of a long CR coupling circuit is ‘sag’. | 


—__+ 
= 


‘Sag! 


Figure 22 - Sag 


The longer the CR the less will be the ‘sag’. 


=o) 
ll. INTEGRATION 


The maths package showed that the effect of integrating a square 
waveform is to produce a triangular shaped waveform approximating 
to the voltage waveform across a capacitor in a Long CR. This is 


illustrated in figure 23. 
CR_Long to the input waveform 


rectangular 


waveform ov 


fr dt 


OV 


output across J OV 
C of a long 
CR 


Figure 23 - Long CR integrating circuit 
A long CR in which the output is taken across the capacitor is often 


referred to as 


an Integrating Circuit 


= 
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11.1 Practical 


Determine a suitable value of resistor that will act with a 0.1yF 


capacitor to produce: 
1. a CR coupling circuit 
2. an integrating circuit 
- for a 10V p/p 1kHz square wave. 


11.2 Build these circuits on a breadboard and apply a suitable input 
waveform from the signal generator. 


waveforms on an oscilloscope, 


Observe the input and output 


Note the effect of increasing and reducing the frequency of the 


input waveform to each circuit. 


[cH P duu. . 3. ior 


mnie 


i} 


CRY word 


Record your findings below. 


Lay 


CR= OWS 


CRD 10. Rabe durcboy 


Ck Tus 


11.3 Exercise R 


10 V 


4.7 us 4.7 ws 
ep 


The square wave shown above is applied to the CR network shown. 
Will the output of this circuit be a reasonable approximation 
to the integral of the input waveform, Briefly explain your 


Be 


reasons. 
b. Sketch the output voltage waveform including the mean DC level 


and calculate the approximate peak to peak output signal. 


(4) wad 2 ota 


Vuloe duurabrin, = 4&-7KS 


* 


-. i tice essa hance a qoocl 


=o = 


i 


Wi 


TRON. FH 


4-7x1o” 
5x10) 


(Oxo 
& V — oy 
a ae Ne fatty | 
Se - ff ] | | . Ie 
we At ok 
rf < ¥ igh ‘ y 
NS SF . 
(ie AS 
ING i . 


2 Be -s 


ANSWERS to paragraph 11.3. 
10 x 107? x 4.7 x 10° 


The Time Constant CR = 

= 47 us 
The Pulse Duration (+t) = 4.7 us 
So, CR = 10+¢ 


This indicates that the output will be a good integral of the input 


When the circuit has settled 
down to the steady state condition the mean DC level of the output 
will equal the mean DC level of the input. 
the input signal has a 1 : 1 mark to space ratio. 


signal (viz. a "triangular wave"). 


So, the mean DC level of the input = 9 Vo where Vo = 10V 


Therefore mean DC level of the output = 


mean level = 5V 


out 


The amplitude of the triangular output waveform can be found by 
determining the amount the capacitor will charge and discharge 
during each input cycle. 

When the input voltage (V5) rises to +10V the voltage 


across the reistor will be VR = Vo - Vo 
i V. V. 
as Vo is charged to Vg ’ R # s/, 
2 
The current is given by I = VR/ 
R 
V 
I= = 


In this particular case 


V = 0.5V 


avi I 
Now, we know that at ri = C 
dvi, Vo 
Thus , at = DOR Volts/sec 


Because the charging and discharging times are very short cotmpated 
to the time constant this charging rate does not change significantly. 
The capacitor voltage therefore rises linearly: 


V 
The peak to peak output voltage = — -»s ¢ (t = pulse 
2CR : 
duration ) 
So, " " " " = —_—?___ x 4.7 x 107° 
2x 47x10 


= 0.5 Volts (p/p) (5% of V,) 
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12. MEDIUM CR CIRCUITS 


This is the situation in which the time constant lies between that 


considered long or short. 


1 | 
i.e. To" < CR < 10t 


if we consider a circuit in which 
CR = +t 
Using an argument similar to that used for the long CR the following 


waveforms would be obtained: 


10V 10V 


OV we OV 


-Te 3V 
INITIAL CONDITIONS STEADY STATE CONDITIONS 


Figure 24: Medium CR -— waveforms 
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12,1, EXERCISE 


1. The following waveform is applied to the circuit shown below:~ 


1. Sketch under the above waveform a graph of VG against time. 


2. The same waveform is applied to the following circuit. 


draw a graph of Vp against time. 


1. 


1V 
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Answer to paragraph 12.1 


0.43V 


Circuit time constant = 18ms 


hence during 10ms pulse V, willchange by 1(1 = exp “LES volts 
= 0.4 26V a 


Time taken for the capacitor to fully charge or discharge 
= 5CR 
= 90ms 


Circuit time constant = 1ms 


Time taken by capacitor to fully charge or discharge 


= 5ms 


13. 
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A VOLTAGE STEP APPLIED TO A SERIES LR CIRCUIT 


f 
Pt 


Fi e 253: A Series LR circuit 


Consider the above circuit at the instant the switch is closed. 
The back emf generated across the inductor will oppose current 


flow hence at the instant of switch-on no current flows: 


V, will. equal E, 


L 
VR 
Va will be zero and as I =? 
I will be zero. 
Now the back enf V;, = ‘= hence the current will increase 


aqgiI_sédYCS;’W 2 
initially from zero at a rate == ai ri where Vr, = E, 


at E 
hence at = T A/s 
as the current rises Vp will rise (Vp = IR) and Vy, will fall and 


so will the rate of increase of I. 

Using similar arguments for the current in a series IR circuit as 
was used for the voltage Vo in a series CR circuit we would find 
that the current rises exponentially to a maximm value determined 


by the value of R and the applied voltage E. 


tR 
Tax (1 - exp - ;) where ro 


Pole 


hence - 
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This is illustrated in Figure 26. 


63% Tax 


C: 


1 (L) sec 2(L) sec 3(L) sec 4 (L) sec 5 (L) 
R R R R R 


Figure 26: Current in a series IR circuit 


13.1 The equation for I at any time (+) can be obtained in a similar 
manner to the equation for Vo in a CR circuit. 
With reference to the circuit of figure 25 


a =; D 
E = VR + Vr, where Vp Ix ® 
hence E = IR + Vi, 
aI 
now Vr, = in hence 
al 
EB = mR + iit 


This equation can be solved for I. 
If we assume that I = O at time t = 0 


5 -tR 
then I = ( 1 - exp , 
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13.2 By considering the relationship between V, and I 
and between E, Vr, and Vp use the equations given in paragraph 13.1 
to obtain expressions for: 


Vp = 


13.3 Consider the circuit of figure 27. 


Fi e 27 - Series LR Circuit 
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If the switch is moved between contacts A and B it will apply 
alternatively OV and +20V to the LR circuit. This is illustrated 
in figure 28. Sketch in the corresponding VR and Vy, waveforms 
assuming the current is able to rise to max or fall to zero before 


the switch position is altered. 


20V 
OV 
Answers to paragraph 13.2 -+R 
a. Vp= IR = R(i-e ) 
- 
L 
bh Vi. = E-V, = Ee 
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Answer to par aph 13.3. 


20V 


OV 


20V 


OV 


+20V 


-20V 


14. 


14.1 


3.66: 


TIME CONSTANT OF AN LR CIRCUIT 


If we consider the equations for I, Vi, and Vp in a series IR 


circuit, we see that the shape of the curve is defined by = 


hence Time constant = z seconds 


The greater the inductance or smaller the resistance in the 
circuit the longer it will take for the current to rise to its 


maximum value. 


The time constant of the LR circuit has two interpretations 

similar to that of the CR circuit. 

a. The current in the circuit will rise by 63% of its maximum 
value in one time constant. 

b. The current will rise to its maximum value in (L/R) seconds 


if the initial rate of increase is maintained. 


Note These statements relate to the current flowing in a IR circuit. 
The equivalent statement for the CR circuit relate to the voltage 


on the capacitor. 
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15. LONG, MEDIUM AND LONG TIME CONSTANT LR CIRCUITS 


The definitions for long, medium and short time constants also apply 


to LR circuits. 


i.e. short time constant circuit 


long time constant 


medium time constant 


where t is the pulse duration of the input waveform. 


15.1 Practical 
Build the circuit of figure 29. Apply the waveform indicated from 
the signal generator and display the input and output waveforms on 


an oscilloscope. 


out put 


L 
(value as supplied) 


Figure 29 Series LR Circuit 


Be 


De 


Co 


d. 


TT cs 


By considering the output waveform what sort of time constant 


would you consider the circuit to be 


LONG / MEDIUM / _ SHORT 
(delete the incorrect statement) 


Would you be able to obtain approximate differentiation or 


integration using this circuit? 


To obtain the differential of the input waveform in a CR circuit 


the output is taken across the: 


CAPACITOR / RESISTOR 
(delete the incorrect statement) 


To obtain the differential of the input waveform in an IR 


circuit the output is taken across the: 


InDucTOR / RESISTOR 


(delete the incorrect statement ) 


Answers to paragraph 15.1 
Gis short 

De aifferentiation 

Ce resistor 

ad. inductor 


ae 


ey ce 
iG, SUMMARY 


16.1 Current step applied to a series CR circuit 


The effect of passing a CONSTANT current through a series CR 


is illustrated in the above diagram 


a, A constant voltage appears across the resistor 
b. A voltage ramp appears across the capacitor 
c. The voltage across the circuit is the sum of these 


two waveforms. 


= 7A = 
16.2 A Triangular current waveform applied to a series IR circuit 


The effect of passing a RAMP or SAWTOOTH current waveform 
through a series LR circuit is illustrated in the diagram 


below ; 


Current 
Waveform 
Generator 


ae A constant voltage appears across the inductor 
b. A voltage ramp appears across the resistor 
c. The voltage across the circuit is the sum of these 


two waveforms. 


NOTE 
The current waveforms considered so far, 
a. a constant current through a OR circuit 
b. a ramp current waveform through an LR circuit 
produce constant or ramp shaped waveforms NOT EXPONENTIAL voltage 
waveforms, these are associated with constant voltage supplies 


in the next section. 


x 


16.3 


| = 
R- Beate 
; E 
a 
E 
0 
C 


16.4 


o.75-< 


A Voltage step applied to a series CR circuit 


When switch closed 


vi = E(1 - exp -t) 


CR 
E 
y 6378 
I=  V. 
Rie yee 
R 
CR 5CR 
Time constant = CR seconds 
Vo = 63% E after one time constant 
Vo & FE after five time constants 


: ; —t 
during discharge Vo = V exp CR 


CR_ circuits and repetitive voltage waveforms 


SHORT CR 
t 
Time constant < 10 


LONG CR 
Time constant > 10t 


MEDIUM CR 4 
Time constant > + Dut < 10t 
10 


where t is the pulse duration of the input waveform. 


5 96< 


16.5 Differentiating Circuit 


tr : 


16.6 Integrating Circuit 


j 
SHORT CR output across R 
OV 


LONG CR output across C 


a UL 


16.7 Coupling Circuit or DC Block 
—| g 
10V 
fu R 
OV = 


LONG CR = output across R 


+ 
Nis 


noi<t 


NOTE - ‘The time constant of the circuit is related to the 
pulse duration (t+) of the input waveform, NOT its 


periodic time (T). 
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16.8 A Voltage Step Applied to a Series LR Circuit 


ee when switch closed 
| V., = E(1 - exp -tR) 
R L 
B 3 


L 5b 
Il=V R R 
i 
R 
Time constant =< seconds 
I = 63%T after one time constant ; 
max 


5B . . 
I T ax = 2 after five time constants. 


16.9 Short, Medium and Long time constant circuits 
Similar to CR circuits. 
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17. FURTHER EXAMPLES 


17.1 


30V 


Calculate the value of Voe 


79 


17.2 


20V lyuF 


If the capacitor is initially discharged draw a graph of capacitor 
voltage and resistor voltage against time for the time from 
closing switch S to when a steady-state condition has been reached. 


What would the values of Va and Vp be after 


i. 1 ms 
ii. 205 ms 


iii, 5 ms 


17.3 
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100V R 2.5K 


4uF 


i) 


Calculate the charge on Co 5ms after the switch is closed. 
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17.4 R 


LOOV 


The initial rate of change of the current in the above circuit when 
the switch is closed is 100A/s. 
Calculate: 


Qe the final value of I 
De the time taken to reach this final value of I 


eo Ee et 


7 po? 
at: - 
Can So 
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17.5 


10 V 


Initially the switch is open and the capacitor is discharged. 
The switch is closed for 3 ms and then opened again. 


Sketch graphs of V, and I (the current through the 
capacitor) against time. 
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0.5k 


Initially the switch is in position "2", and no current is flowing 
- in the inductor. The switch is then moved to position "1" for 


150us and then back to position "2", 


Sketch graphs of V, and I (the current in the inductor) 


against time. What is the maximum voltage which appears across 
Rj? (Assume the switch contacts change instantaneously). 


Baae eee 


17.7 <A relay has an inductance of 500 mH and a resistance of lk. 
It is connected to a 12 Volt supply. | 
Calculate the time required to operate the relay if it 
pulls inat 7mA. 


ee 


17.8 
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Sketch a circuit that will integrate a rectangular 
waveforn. 
If the resistor value is 10k determine a suitable value for 


the capacitor. The input has a frequency of 500Hz. 
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17.9 a. Sketch a diagram showing a circuit that will differentiate | 


a 500Hz squarewave. 
ie using a capacitor 
iis using an inductor 
De Determine suitable values for the capacitor and inductor 


if the resistor value is lk. 


P.A. Lacy/VC/SJW 
25th June, 1981 
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18. ANSWERS 


17.1 BW 


172 Vo ~ a rising exponential 
VR - a falling exponential 


ims Vo = 12,64V Va = 7.36V 
2. 5ms Vo = 18,.36V VR = 1.64V 
5mss Vo &2 20V Vv, = OV 


17.3 Q@= 126pC 


17.4 Final valve of I = lmA 
Time taken to reach 1lmA = 50ys 


17.5 


8.65V 


17.6 9 44mA 


—<—- 1500S —> ~<——— 2550S 


Maximum voltage across Ry occurs 150us after the switch is moved to 


position 1 when Vai = 9.44 * 0.5 = 4.72 7 


17.7 Time taken = 448uS. 


17.8 Series CR circuit with output across C 
C should be not less than 1yF 


17.9 (i) Series CR circuit output across R. CY 100nF 


(ii) Series LR circuit output across L. L< 100nH 


ENGINEERING TRAINING 
DEPARTMENT 


1. 


b 


Co 


DC TRANSIENTS - FURTHER EXAMPLES 


A voltage or current source can be applied to any of the following 


circuits , 


(i). a resistance of 100 chm , 

(ii) an inductance of 5H, 

(iii) a capacitance of 100pF, 

(iv) a coil which has an inductance of 5H and a resistance 
of 100 ohm , 

(v) a 100pF capacitor in series with a 100 ohm resistor. ~ 


Sketch the voltage waveform developed across each circuit over a 
period of 30ms when each circuit is connected in turn to a constant 


current source of 300mA . 


Repeat part (a) if the current source now rises linearly from 
300mA to 1A over a period of 100ms . 


sketch the current waveform through each circuit if a voltage source 
of 60V is applied to each of the circuits.Sketch the waveform 

over a period of time so that, where relevant, the time the current 
reaches maximum or minimum can be show. 


26 


36 


5- aethe capacitor in the circuit drawn above is initially charged to +10V 


+10V 
<—— jJns —— 


+4V 


— ims <— 


The waveform drawn above is to be differentiated using a CR circuit 
in which R= 10k. 


a. Draw a suitable circuit diagran. 

b. Determine a suitable value for the capacitor explaining the reason 
for choosing such a value. 

c. Sketch carefully the output waveform from the circuit, indicating 
on it significant times and voltage levels. 


The waveform at the top of the page is to be integrated using a CR 
circuit in which C = 10 pr « Repeat parts a , b and c as in question 2. 


An amplifier interstage coupling circuit comprises a 0.22pF capacitor 
and a 4.7k resistor. A 3kHz symmetrical squarewave varying between 
+3V and +10V is applied to the circuit. | 


ae Sketch a suitable circuit diagram. 
b. Sketch the output waveform showing the important voltage levels. 
c. Calclate the 'sag' produced by the coupling circuit as a fraction 
of the waveform's peak to peak amplitude expressed as a percentage. 
222k 


input 
voltage | | 
| — 4pF 


when the input voltage is increased to +25V. How long will it take 
the capacitor to charge to +20V ? 


b. When the voltage on the capacitor reaches +20V the input voltage is 


changed so as to discharge the capacitor so that it reaches zero volts 


in 5ms . Determine the value of the voltage applied . 


oe 


30V . 500mH 


3000hm. 


6. The circuit shown above is fer operating a 300 ohm relay. 

a. When will the diode in the circuit conduct ? 

b. Calculate the maximum current in the diode. 

c. Calculate the pd across the switch contacts when the switch 
is opened . 

d. The relay contacts fall out when the current in the relay coil 
falls below 10mA. Determine the ita in the relay aaa 
when the switch is opened , 
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ANSWERS TO FURTHER EXAMPLES 


1. Circuit Part (a) Part (b) 
I 
Current 
0.34 
0 30ms 1Q0, 
“FOOV 
Af ‘ 
V, = IR R a 
Neus’ 
when I = 0,34 Va a= 30V 
30V 
-whenT= 14  V, = 100V 
(44) . (6) 30ms 100ns 
I 


aI 
Yr la 
(iii) 
I 
s att 
Bo o 
Q a _ ~ 30ms 100ms 
Vo = ¢t I constant at 0.3A hence 
aie Gee V, will rise linearly to see next page 
Cc 0. x 30ms = 90V for part (o) 


100uF 
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1.(iii) part(b) 
The current charging the capacitor rises from 0.3A to 1A 


the increase in voltage at any instant being given by 


a¥ = I volts/s .Over the 100ms the average current 


dt Cc 
will be 1a * I an? = $(1A + 0.3A) = 0.65A 
The rise in the voltage on the capacitor = an xt 
C 
= 0.65A x 100ms = 650V 


100uF 
Therefore final voltage on the capacitor 
90V + 650V = 740V 
(iv) —— 


y part (a) 
Coil 


0 30ms 0 100ms 


(v) 


total 


/-— 
t 
al 
Eels 
aI = BE 
Slope = 60V = 12 A/s 
‘ . a 


Capacitor charges instantaneously then 


I falls to zero. 


where I 


max 


5CR = 5 x 100uF x 100 
= 50ms 


Input differentiated 
output 


db. For the circuit to act as a differentiating circuit it must be 
a short CR. 
ie R-< + 
If we make t = 3ms_ then the capacitor will not be able discharge 
within the. negative going part of the pulse, hence we need to make 
t = Ims , the narrower of the two pulse durations. 


C ¢4 ‘1ms 
10 Rk 


C € 10nF 


= +10V 


<—— jms —»]| 1ms |<— 
+4V 


+6V 
OV 


- 


Capacitor will charge in 5CR_ seconds 
= 0.5ms 


Integrating circuit 


b. For the circuit to act as an integrating circuit it mst be a long 


CR to both half cycles of the input waveform 
ie CR a 10t 


t should be 3ms (for this relationship to be true for both 
half cycles . | 


Output Be a Ne S Mace eee a 


The mean voltage on the capacitor = 4V + (3 x 6 yy 
(mean level of input) 4 


= 8,5V 


During the 3ms pulse the capacitor will charge from a 
voltage just below +8.5V aiming for the input voltage 
of +10V . Assuming the capacitor charges linearly then 
the capacitor voltage will rise by I xt where I=: V 


R 
A Vo =1.5V x 3ms C R 
10pF x 3k 
m 0.15V 


4e 


+10V 
-10 
Pulse duration of waveform = 1. 5s 1 = 0.167ms 
2f 2x 3kHz 
Circuit time constant = CR = O0,22uF x 4.7k = 1.03ms 


the circuit is therefore approaching what can be defined as a 
long time constant. 


If the circuit was a very long time constant then the mean level 
of the output waveform would be OV, switching between +3.5V and 
-3.5V with negligible sag. However because the time constant is 
not infinitely large the capacitor will charge and discharge. On 
the positive going half cycle of the waveform the voltage across 
the resistor will start just above +3.5V and will fall as the 
capacitor charges. The fall in the voltage being given by 


Vos I xt 2 V.. x t 
c a: 
R xC 


3.5V_x 0.167ms 
4.7k x 0,.22uF 


= 0. 56V 


Hence sag on the output will be 0.56V 


and percentage sag = 0.56Vx100 = 8% 
TV 


5.8 


0 CR = 8.8ns | 5CR < 44 ms 


If we consider the general formula for the charge of a capacitor 
i : 
Vee E(1-e on 
| we can see from the sketch of the voltage on the capacitor that in | 
this case 
. Vo® 20¥V - 10¥V = 10V 
E = 250V- 10¥V = 15V 
Yo 
hence. +t = -CRin( 1-7) 
= = uF x 2.22 In (1-12) 
= 9.67ms 
be 
+20V 


OV. 


5b. 


6.8. 


Ce 


=4t < 


The general equation for the discharge of a capacitor is given 
- +t 


by CR 


Y= Ve 


This is the equation for a falling exponential, consideration of 
the sketch of the voltage on the capacitor,drawn on the 

previous page, shows that in relation to this equation 

E must equal (TV, + 20V) and after a time t seconds V, will 


be equal to Van etna 


: 4uF x 2,2k 
hence Vn 7 My = 20V) e 
-0.568 es 
Vin s 20e = US 26.1V 
0.568 


1-e 
Applied voltage = -26,1V 


When the switch is opened the relay inductance will generate 
an enf of such a polarity and magnitude to keep the current. 
flowing hence the back-emf will cause the diode to conduct, 


Maximum current in the relay = E 2 30V = 23.1mA 


R, otal 1.3k 


If the switch is now opened this current will now flow 
through the diode, 


When the switch is opened the pd across the 100ohm resistor 
will be 


Ve » Ix R «= -23.1mA x 100 = ~2.31V 


hence the pd across the switch contacts will be 


Vo = 30V - (-2,317) 


= 32,31V 
-Rt 
Current decay is given by I = ee e : 
Where ; : = 10mA and I ax = 23-1mA 
t=--Lin L = -0.51n10mA = 1.05me 
R ros 400: 23. 1mA 


